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Introduction. An exposure age lor an iron meteorite can be calculated from measurements of a 
radioactive nuclide and a stable nuclide that are produced by similar sets of nuclear reactions, provided 
that the stable nuclide is present with low initial abundance. The standard methods rely on either 40 K 
(l|/2 = * Gy), 3<> K, and 4I K (e.g., ( 1,2)) or on a shorter-lived radionuclide and a stable, noble gas 
isotope. Widely used pairs of this type include - v, CI/- v, Ar and 2(, AI / 21 Ne (e.g., |3| and |4|). Other pairs 
may serve the purpose for iron meteorites contain many stable isotopes besides those of K and the noble 
gases that are produced partly by cosmic rays [5-8]. We consider here the calculation of exposure ages, 
l 26- from measurements of 2(, AI (l, ;2 = 0.7 My) and (stable) 26 Mg. Ages based on 2(> Al/ 26 Mg ratios, like 
those based on 4 ’CI/ 3( ’Ar ratios, are "bullered" against changes in relative production rates due to 
shielding because decay of the radioactive nuclide accounts for a good part of the inventory of the stable 
nuclide. 

Experimental Methods. Encouraged by the work ol [7] and [8|, we decided to apply the method of 
glow-discharge mass spectrometry to the analysis of stable isotopes in iron meteorites. This method is 
capable of pa rl-per-tri II ion (ppl) detection limits at high mass resolution (> 4(M)0). Samples were 
introduced into the VG 9000 spectrometer as "pins," i.e., rectangular solids — 20 x 2 x 2 mm trimmed to 
size with a diamond-studded saw. The sample of Tlacotepec was taken adjacent to the one analyzed by 
Smith and Huneke |7|. Belorc data acquisition began, the samples were subjected to 0.5-1 h of 
sputtering at 1 kV and 5 mA (Ar + ) in order to remove surface contamination. Data were then acquired 
using discharge conditions ol ] kV and 3 mA. Initially, a broad elemental survey requiring -3 h and 
covering the mass range from 6 to 59 AMU was taken for each sample. This survey was followed by 
longer (4 h) and more detailed measurements of the isotopic magnesium concentrations (24-26 AMU): 
Each mass window was scanned 200 limes and the resulting signals were summed and averaged. Each 
window consisted ol 100 channels with a dwclltime/channcl ot 100 ms. In separate experiments, the 
"^Al activities ol 4 iron meteorites were measured by accelerator mass spectrometry [9], 

Results. Hgurc I shows the results obtained for minor and trace elements from the elemental scan for 
Tlacotepec. Concentrations were calculated from the raw data using Relative Sensitivity Factors (RSFs) 
developed Irom previous analyses using NBS standards. For those elements for which we had no 
standard, the RSFs supplied bv VG with their software were used. The uncertainties estimated from the 
reproducibility ol the measurements lor Tlacotepec and the other irons vary considerably: from ~2% for 
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the major elements 
Fe and Ni, to -10% 
lor the minor 
elements, to 30-100% 
for the trace elements. 

Also shown in Figure 
1 are the results of 
Smith and Huneke |7] 
lor Tlacotepec. 

Agreement is good for 
the major elements 
(Fe - 84.0% vs. 82% 

and Ni - 15.9% vs. 17%). For the other elements, the concentrations of ref. [ 7 j typically exceed ours by 
5% to 100%, perhaps because a different library of RSFs was used. Table 1 and Figure 2 show the 
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magnesium isotopic data lor Charlotte. Picacho. and Tlacolcpec. The errors plotted in Figure 2 are 
conservative. The isotopic ratios lor Tlaeotepee agree well with those of ref. |7|. The experimental 
points plot (within error) on a line defined bv lerrestial Mg and cosmogcnic Mg. taken here to have the 
1 ' ' ' composition 24 Mg/ 2(, Mg = 


Table I. Mg (ppt) in iron meteorites. 


Sum pie 


:5 Mg 

:, 'Mg 

- (, Mo 

-4m»* 

Charlotte t4.\) 

1 555± 20 

231 ± 17 

261 ± 10 

47 ± 12 

1 4 XX + 23 


2041 + 26 

504 ± 15 

555 ± 50 

60 ± 55 

1975 ± 42 


5385 ± 67 

45 S ± 25 

4X7 ± 25 

1 + 31 

33X3 + 73 

I’icacho < 5 \t 

l 242 ± 44 

207 ± 15 

239 ± 22 

70 ± 26 

1175 + 50 


1074 ± 37 

105 ± 24 

193 + 16 

45 + 20 

1031 ± 42 

1 1'ieolepee ' 4B; 

257 ± 41 

OS ± 20 

109+ 16 

S3 ± 20 

I7X + 45 


0.90 and 25 Mg/ 26 Mg=0.95 in 
analogy with eosmogenie 
neon. The irons studied 
contain between 2 % and 30 % 
of eosmogenie 26 Mg (^’Mg^. 
The - () AI activities, which are- 
only in lair agreement with 
results reported previously |4| 
are given in Table 2. 


26 AI/ 26 Mg Ages. To calculate 2< ’AI/ 2(> Mg ages, t 2( , (Table 2), we assume single-stage irradiations at 
production rales. P( 2( ’Mg) and P( 2,, AI) |atom/My|, That are constant for each meteorite. In addition, we 


l’ahle 2. 

- 6 Al/- h Mg ages of four iron meteorites. 


Meteorite 

46 A1 

- 6 Mg t . 

l 26 

! K-K 


(dpm/kg) 

(PPD 

(My) 

(My) 

Cape of G(uici Hope 

1.6 

1 5<S 7 

1361) 

775+71 1 1 

Charlotte 

4.4 

41±12 

1 48±45 

36.5i.X0 1 

Pieacho 

5.2 

56± 1 6 

273 ±8 l 

635±50 2 

Tlacolcpec 

2.1 

S3 ±20 

622± 1 57 

945+55 1 



250 7 

1 130 7 



can plausibly assume that the exposure- 
ages and the terrestrial ages of the iron 
meteorites are long and short, 
respectively with respect to the hall- 
life of 26 AI so that the measured 2(, AI 
activity equals P( 2(> AI) in each ease. 

Under these conditions it can shown 
that 

44. 1 pi)t)l~"AI{dpni / kg) 

1 1 + P( 2 "M}f)/ P('"AI ) | where the factor 44.1 converts the ratio of measurement units in 

the numerator to My. The term in brackets allows lor the lact that - (, AI decays to give Mg. A 
production rale ratio P( 2(, Mg)/P( 2< ’AI) = 1.79 (alom/atom) was calculated from the work ol Silberberg 
and Tsao 1 1()|, assuming production rates for iron and nickel are the same; lor comparison we note that 
P( 21 Nc)/P( 2< ’AI). the ratio needed for the calculation of 2(, AI/ 2l Ne ages, is 2.70 [4|. Our ^’AlM’Mg ages 
are 35-600 smaller than the 4,) K-K ages. A discrepancy in this direction and of this approximate 
magnitude is expected based on short-lived radionuclides (see |4|). We note, however, that the 
2f, AI/ 26 Mg ages calculated from the 2< ’Mg c concentrations given by Smith and Huneke |7| are 
appreciably larger. 

Conclusions - ( ’AI/ 2(, Mg ages are in fair agreement with ages for iron meteorites based on noble gases 
and other short-lived radionuclides. The largest uncertainly in the - (, AI/~ (> Mg ages, now about .30%, is 
associated with the the determination of the eosmogenie 26 Mg. The uncertainty arises partly because 
eosmogenie Mg comprises at most 30% ol the total Mg observed and partly because the calibration 
factors for Mg are not well known. The variations in the observed concentrations of non-eosmogenic Mg 
are large and appear to be associated with the samples. The Mg may occur in crystallites or as 
contamination. It would be ol interest to investigate the Mg systematics in iron meteorites. 
Acknowledgment: A.E. Sou/as would like to acknowledge that this work was done while the author 
held a National. Research Council Research Associaleship. 

References: [1] Voshage If and Ecldmann If ( 1979) Earth Planet. Set. Let. 45. 293-30X. [2] Voshage If cl af (1982) /• 
Salnr/orscli. 3\. 273-280. [3] l.nvieltc If cl af S. ( 1 9X5) In: Isotopic Ratios in the Solar System. Centre Nal I. d Eludes 
Spaliales. 15-20. [4| Aylmer I) el af (19X8 ) Earth Planet. Sci. Lett. SS. 107-1 IS. [5] Birek J.I.. el af (1982) Abstract in: 5 
hill Conf. Gcmhrotudogv. Costnoehronology and Isotope Geology. 27-2S. [(>] l ink 1). el af (1991) Earth I land. Sii. Lett. 
107. 1 15-1 :s. [7] Smilli ST. and 1 1 une ke .IT. ( 1991) Meicorities 20. 396-397. [X] Shimamura T. et af (19X6) Lunar Planet. 
S c i. XVII. 795-796. [9] Middleton k. and Klein J. ( 1 9X7) Phil. Trans. Roy. Soe. London A32T. 121-143. [10] Silberberg R 
and Tsao C l I. t 1 973 ) Aslrophys ./.. Snppl. 25. 3 1 5-333. 


